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FOREWORD 


The  standard  black  insulated  US  Army  boots  developed  for  cold-wet 
conditions  weigh  approximately  40-43  ounces  per  boot.  In  reference  to 
energy  consumption  of  the  combat  soldier,  studies  indicate  that  one  ounce 
of  weight  carried  on  the  foot  is  equivalent  to  six  ounces  carried  on  the 
back  (two  40-ounce  boots  are  equivalent  to  30  pounds)  of  the  combat 
soldier.  In  view  of  this,  the  development  of  new  lightweight  materials 
for  insulated  footwear  is  essential.  The  boots  should  be  in  the  weight 
range  of  P4-<?6  ounces  per  boot  (size  9R) ,  durable,  flexible  and  offer 
environmental  protection  at  temperatures  as  low  as  ~20°F.  The  IIS  Army 
Natick  Laboratories  (NLABS)  determined  to  meet  this  objective  through 
advances  made  in  materials  technology  and  by  the  development  of  new 
design  criteria  and  processing  techniques. 

This  report  describes  the  work  performed  during  the  l6-«month 
period  from  11  July  1969  to  30  November  1970,  and  is  a  continuation 
of  the  program  previously  initiated  with  UniRoyal,  Incorported.  Under 
the  supervision  of  Project  Officer  Joseph  E.  Assaf,  US  Army  Natick 
Laboratories,  the  materials  and  processing  studies,  and  the  development 
of  production  procedures  culminating  in  the  production  of  lightweight 
polyurethane  insulated  footwear  by  an  integrally  casting  techniques 
were  performed  by  UniRoyal,  Inc.,  Naugatuck,  Connecticut  under  Project 
Reference  1J662713DJ40,  through  Contract  No.  DAAG-17-70-C-0003. 

The  Project  Officer  wishes  to  acknowledge  the  assistance  of  Mr. 

Douglas  S.  Swain,  Footwear  Technologist,  TJS  Army  Natick  Laboratories, 
relative  to  design  considerations  and  to  thank  Dr.  Ralph  F.  Goldman 
and  Mr.  0.  F.  Campagnone  of  the  US  Army  Research  Institute  of  Environmental 
Medicine  (ARIEM)  at  Natick  for  conducting  the  copper  foot  calorimeter 
studies  and  for  their  recommendations. 
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ABSTRACT 


Compound  formulations  having  good  low  temperature  flexibility 
were  developed  for  the  outsole,  upper  and  outer  skin  of  the  lightweight, 
insulated  boot. 

The  proper  insulation  thickness  for  the  entire  boot  was  determined 
from  foot  insulation  test  data  to  produce  a  boot  having  sufficient 
overall  insulation. 

In  an  attempt  to  improve  traction,  a  Vibram  type  outsole  design 
was  used. 

Susceptibility  to  puncture  from  ground  objects  was  reduced  by 
redesign  of  the  outsole,  and  bv  spraying  a  thicker  outer  skin  at  the 
base  of  the  boot. 

The  ankle  portion  of  the  last  was  redesigned  to  provide  a  snugger 
fit  and  eliminate  slippage  at  the  heel  while  walking. 

A  nylon  sock  lining  to  permit  ease  of  donning  and  doffing  was 
developed . 


INTRODUCTION 


The  goal  of  this  project  was  to  make  improvements  on  the  cast 
lightweight  insulated  footwear  previously  developed.  The  major  object¬ 
ives  of  the  project  were  as  follows: 

(1)  Increase  the  low  temperature  flexibility  of  the  overall  boot. 

(2)  Increase  insulation  thickness. 

(3)  Improve  sprayed  outer  skin  adhesion  to  the  edge  of  the  outsole. 

(4)  Improve  the  puncture  resistance  of  the  sprayed  outer  skin. 

(5)  Redesign  last  tc  obtain  snugger  fit  at  the  ankle. 

(6)  Improve  outsole  traction. 

Studies  were  initiated  to  determine  the  best  compounds  for  improving 
the  sprayed  ou4"  r  skin,  insulation  and  outsole.  A  snug  ankle  aluminum 
last  was  designed  and  constructed  in  an  initial  attempt  to  improve  fit. 

Foot  insulation  tests  were  conducted  on  the  Copper  Foot  at  the  U.S. 
Army  Natick  Laboratories  on  a  lightweight  insulated  boot  constructed 
under  a  previous  project  before  and  after  wear  testing  100  miles  to 
determine  if  any  change  occurred  in  the  insulation  value  of  the  boot. 

A  standard  pair  of  Size  10  government  cold  weather  boots  were  also  tested 
for  100  miles  so  that  a  comparison  of  outsole  wear  could  be  made  between 
the  standard  boot  and  newly  developed  boots. 

Compound  formulations  having  improved  low  temperature  flexibility 
were  developed.  Foot  insulation  studies  of  diffeio.it  boot  thicknesses 
led  to  a  boot  which  has  increased  foam  thickness  in  certain  required 
areas  and  improved  overall  insulation.  Teflon  coated  molds  instead  of 
mold  release  were  used  to  avoid  mold  release  interference  with  the 
adhesion  of  the  sprayed-on  skin.  Also,  the  height  of  the  edge  of  the 
outsole  was  reduced  to  improve  the  flexibility  of  the  outsole. 

The  initial  last  was  redesigned  so  that  a  finalized  last  inter¬ 
mediate  between  the  snug  ankle  last  and  the  wide  leg  last,  utilized 
in  a  previous  project,  resulted.  The  outsole  was  redesigned  and 
the  outsole  compound  was  reduced  in  hardness  so  that  improve'  tov.cl-io.” 
might  result. 

Actual  wear  tests  for  at  least  200  miles  indicated  that  the 
overall  insulation  \s.lue  of  the  boot  did  not  significantly  decrease. 

Many  types  of  sock  linings,  including  those  made  of  nylon, 
urethane  coated  nylon  and  polyvinyl  chloride  (PVC-)  coated  cotton  were 
evaluated.  A  nylon/rubber/’cottcn  laminate  was  selected  because  of  the 
good  slip  qualities  of  the  nylon  and  the  good  adhesion  of  the  cotton 
to  the  polyurethane  foam. 

Eight  pairs  of  seven  different  prototype  boots  were  fabricated 
and  submitted  to  the  U.S.  Army  Natick  Laboratories- 


Sprayed  Ou '.or  Skiri 


The  sprayed  outer  skin  formulations  developed  under  past, 
projects  were  not  adequate  for  the  proposed  new  construction  of 
a  ].  Lghtweight.  insulated  boot,  since  they  did  not  stretch  cufficiou' ly 
to  provide  for  a  new  tight  ankle  last  design.  Also,  they  had  to 
be  mq<io  more  punc!  ure  resistant  ar.d  more  flexible  at  low  teciperaturco 
(-  F). 

A  good  skin  formulation  is  characterized  by  (l)  low  modulus 
so  that,  it:  will  suretch  when  the  boot  is  applied  and  removed  from 
the  foot;  (  )  high  tensile  and  tear  values  so  that  the  skin  is  mor 
puncture  resistant  and  durable;  and  (3)  low  temperature  flexibility 
so  that  the  skin  will  not  stiffen  at  -?0  F. 

An  initial  series  of  polyurethane  outer  skin  formulations  war. 
compounded  and  evaluated  (Table  I).  These  compounds  were  formula'  -i 
using  Vibra thane  B-60P  and  Vibrathane  B-605  prepolymers  in  conjunc¬ 
tion  with  the  following  curatives:  meta  plienylene  diamine  (mPDA); 
para  phenylene  diamine  (pPDA);  methylene  dianaline  (MDA);  and  1, 
4-butanediol.  Vibrathane  B-60  ’  prepolyner  is  the  reaction  product  of 
polytetramethylene  ether  glycol  (PTME3)  and  toluene  diisocyanate  (TI'I 
Vibrathane  3-605  prepolymer  is  the  reaction  product  of  PTMB1  and 
A,4'-diphenylmethane  diisocyanate  (MDl).  Plasticizers  evaluated 
in  t-hese  formulations  were  Sanuicizer  S-160  (butyl  benzyl  p'tithalate ) 
Benzoflex  9-88  (dipropylene  glycol  dibenzoale) ,  and  DBEA  (cibutoxy 
ethyl  adipate). 

The  data  for  the  outer  skin  formulations  are  more  significant 
if  the  mole  ratio  of  amine  to  isocyanate  is  used  rather  then  parts/' 
hundred,  as  given  in  Table  I;  and  this  information  will  be  giver, 
in  succeeding  tables  v'hich  list  the  data  for  the  evaluated  outer- 
skin  formulations  unless  otherwise  noted.  Mole  ratio  is  defined 
as  follows: 

Mole  Ratio  -  Equivalent  weight  of  Amine 

Equivalent  weight:  of  Isocyanate 


where  tne  equivalent  weight  is  the  molecular  weight  divided  by  the 
functionality  which  is  usually  2. 

Equivalent  Weight  =  Molecular  Weight 

Functionality 

The  following  formula  gives  the  relationship  between  mole  ratio, 
equivalent  weight  and  partc/hundred  (PHR). 

PUS  Equivalent  weight  of  Amine  X  Mole  ratio  X  100 

Equivalent  weight  of  isocyanate 


INITIAL  OUTER  SKIN  FORMULATIONS  (PHR) 
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ivEY ;  60:  Vibrathane  B  60?  1,4-BD  -  1 ,4-3utar:eaio‘l 

606  -  Vibrathan ?  B  605  S--160  -  Butyl  Benzyl  Phthalate 

MPDA-  Meta  Phenvlene  Diamine  BF  Benzoflex  9-38 

PPDA--  Para  Phenylene  Diamine  DBEA  -  Di batoxyethyl  Adipate 

MDA  -  Methylene  Dianiline 


The  entire  :-er i*-*  .  of  '1  compounds  was  submitted  ft  r  physical  testing  . 

Tiie  physical  test  date  are  listed  in  Tnblr .  II  and  II  A  and  illustrated  ui 
Figures  1  and  .  St  res  -  '.train  determinations  were  performed  on  outer  skin 
samples  approximately  .0.M3~incb  thick  using  a  Scott  Tensile  Machine  and  the 
ob  -.e'-v'd  values,  were  re  a-c  vi  it  lbr../  in.sq-  a< — ording  to  standard  ASTM 
pro  •  lures.  Two  ’  y _  i  ‘sir  testo  were  performed  on  the  outer  skin 
-.ample a.  T •  ^avos.  fear  or  Dio  J  Tear  is  a  standard  tear  test  described 
in  ASTM-Dts.  >4.  The  trouser  tear  is  a  test  developed  at  liniRoyal  where  a 
1  x  !,..rs;i  ••  ample  is  cut  vertically  down  the  center  of  the  piece  a  distance 
1  itr-h  measured  from  the  top  of  the  sample.  The  split  ends  are  placed 
in  separate  jaws  of  a  Scott  Tensile  Machine  in  much  the  name  way  one  would 
place  legs  of  a  trouser  in  each  jaw  of  the  tensile  machine  and  the  force 
In  lb  ./in.  to  continue  tearing  the  piece  along  the  vertical  axis  is  recorded 

Having  outlined  earlier  in  this  section  the  desirable  properties  of 
ai  outer  skin  compound,  and  analyzing  the  data  in  Tables  II  and  II  A  and 
Figures  1  and  compounds  C,  N,  and  0  appear  to  have  the  best  combination 
of  high  tensile,  low  modulus  and  high  tear  valves. 

Figure  3  shows  that  the  physical  properties  obtained  with  Vibrathane 
IW  ’  are  approximately  equivalent  to  those  obtained  with  Vibrathane  B~o05 
when  met a  phenylene  diamine  is  used  as  the  curative  (  compound  A  vs. 
compound  D):  these  two  materials  developed  eqivalent  physical  properties 
al::o  when  para  phenylene  diamine  is  used  as  the  curative  as  shown  by  the 
comparison  of  compound  B  vs.  compound  E  in  the  same  figure.  It  is 
advantageous  that  equivalent  physi cal  properties  can  be  obtained  from 
either  Vibrathane  B-60?  or  Vibrathane  B-605  because  the  difference 
in  reactivity  rates  of  the  two  nr.cerials  makes  each  desirable  in  construc¬ 
ting  particular  parts  of  the  boot.  The  Vibrathane  B-605  is  the  quicker 
reacting  material  which  makes  it  more  suitable  for  the  sprayed  outer  skin. 

The  Vibrathane  B-602  is  the  slower  reacting  material  which  is  more  desirable 
for  the  outrole  and  the  foam  insulation. 

Table  III  is  a  compilation  of  initial  outer  skin  formulations  and 
those  developed  later;  included  in  Table  III  A  is  a  list  of  their  prelimi na^y 
physical  properties.  Table  III  A  separates  the  outer  skin  formulations 
into  classes  of  plasticizers  evaluated  w.itn  each  curative.  Table  ITT 
lists  all  of  the  formulations  in  parts/hundred.  These  two  tables  were 
included  to  show  how  the  selection  of  plasticizers  for  outer  skin  formulatin', 
was  narrowed  down  to  those  which  were  subjected  to  extensive  testing. 

Table  III  A  shows  the  results  of  evaluating  Vibrathane  B--60P  and 
Vibrathane  B--605  at  different  mole  ratios  with  the  following  curatives: 
met. a  phenylene  diamine  (MFDA);  para  phenylene  diamine  (PPDA);  and 
methylene  dianaline  (MDA).  These  basic  formulations  were  further  evaluated 
with  varying  level  of  plasticizer.  The  evaluated  plasticizers  were: 
butyl  benzyl  p.uthalate  (S-lbO);  Benzoflex  9-88  (9-88);  dibutoxyethyl 
adipate  (DREA);  dibut.oxyet.hoxy  ethyl  adipate  (TP-95);  di-P-ethylhexyl 
azelnfe  (DOZ);  triethylene  glycol  dimethyl  ether  (E-lol);  and  eresyl 
diphenyl  phosphate  (S-l40). 

The  compounds  in  Table  III  A  having  low  modulus,  high  tensile  and  tea: 
arid  good  low  temperature  properties  were:  compounds  S,  DII ,  arid  ATI 
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TEAR  TEST  RESULTS 
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TABLE  II  A 
STRESS- STRAIN  DATA 
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(benzoflex  9-88  series);  compounds  Bill  and  A1V  (DBEA  series);  and 
compounds  Q  and  GII  (S-160  series).  The  .95  mole  ratio  was  best  for  low 
modulus  and  good  tear  values.  Meta  pher.ylene  diamine  (rnPDA)  was  the  best 
curative  for  low  modulus  and  high  elongation. 

The  low  temperature  flexibility  tester,  built  by  UniRoyal ,  and 
operable  in  a  cold  box  at  -40“ F,  consists  of  a  motor  driven  moveable  jaw 
that  moves  in  a  reciprocating,  horizontal  motion  towards  a  stationary  jav; 
at  a  rate  of  about  300  cycles/min,  The  distance  between  the  stationary 
and  reciprocating  jaw  varies  from  l/8-inch  to  1-5/3  “inches  with  each  cycle. 
One  end  of  a  1  x  4-inch  sample  is  clamped  in  the  reciprocating  jaw  and 
the  other  end  in  the  stationary  jav/;  the  sample  is  made  to  bond  and  flex 
once  each  cycle  when  the  machine  is  running.  The  sample  is  inspected 
periodically  and  the  number  of  flexes  at  which  it  begins  to  cracK  is  record 

The  initial  good  low  temperature  flexibility  noted  wi'n  tne  cited 
plasticizers  led  to  the  formulation  of  three  samples  (AT,  AIII,  and  0111 ) 
which  are  listed  in  Table  IV.  These  three  outer  skin  samples  were  sub 
mitted  to  the  U.  S.  Army  Natick  Laboratories  for  Gehman  Tests  (ASTM 
D-1053).  The  data  listed  in  Table  IV  indicate  that  sample  AI  and  sample 
AIII  have  low  temperature  flexibility  considered  more  than  adequate  for 
the  lightweight  insulated  boot. 

A  final  group  of  outer  skin  formulations  containing  curatives, 
plasticizers  and  mole  ratio  which  showed  premise  of  giving  the  best 
overall  properties  were  formulated  and  are  numbered  1-9  in  Table  V, 

These  selected  formulations  were  subjected  to  extens^ re  testing  as  shown 
in  Taules  V  A  through  V  C. 

In  general,  aged  tensile  decreased  over  unaged  tensile  whereas  tne 
elongation  and  tear  remained  about  the  same  after  aging. 

Fadeometer  aging  deteriorates  the  samples  more  than  oven  aging; 
however,  the  samples  were  net  pigmented.  The  percent  volume  change  and 
percent  weight  change  in  ASTM  oils  No.  1  and  No.  3  were  excellent  for 
all  samples;  these  values  are  comparable  to  those  obtained  with  oil 
resistant  rubbers  like  the  Nitriles. 

Table  V  C  shows  the  results  of  a  skin  puncture  test  or.  the  nine 
samples  tested.  This  test  was  developed  by  modifying  Federal  Test  Method 
Standard  Number  311,  Method  2051.  The  modified  test  records  the  force 
required  to  puncture  a  skin  sample  stretched  across  a  ''••inch  diameter 
pipe  with  a  1/8-inch  diameter  rounded  rod  using  an  Ins  .ron  testing  machine- 
A  comparison  was  made  between  the  pounds  to  puncture  a  50  mil  thicK  sample 
(puncture  test)  and  the  toughness  (product  of  tensile  X  elongation). 

The  toughness  measurements  cannot  be  used  as  absolute  values  but  rather 
as  relative  values  related  only  to  polyurethane,  outer  skin  formulations 
because  of  insufficient  data  to  establish  other  relationships.  Figure  4 
shows  that  there  is  a  direct  straight-line  relationship  between  puncture 
resistance  and  tensile,  and  puncture  resistance  and  toughness.  These 
illustrations  facilitate  compound  com^  arisor.s  and  show  that  puncture 
resistance  can  be  determined  from  streos/str ain  measurements  (T""gu>e  4), 
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PHYSICAL  PROPERTIES  OF  OUTER  SKIN  FORMULATIONS 
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Toughness  (Tensile  Strenght  X  %  Elongation)  Log  -  Tensile  Strength  (PSI) 


w  and  A  .  how  that  t ougnne. w-  (tensile  X  olongut  ion)  loo.  not 

!  hnini.ii  wil.ii  t.ho  ; » ■  1  •  i  i.  t  lot:  of  pla.h  i  riser  to  any  one  ot  the  nine  samples 

V  i  •  to'tol  lino  Livji.o-  the  value::.  tor  the  fo>  mil  at  i  on  without.  p'lnr.t  lei  so 
-mil  t.  *io  ,  .olid  line  tine  i  he  value;  for  tne  same  for  ir.i.lut  Lo:.  with  pi  a  - 
f  L-  i.'.or.  Trie  tough  new .. ;  i.  directly  related  to  tne  area  under  the  urve . 

The  objectives  for  low  modular,  h i go  tensile,  good  punct . . r  e  resist- 

1  r>  e  [lit  Low  temperature  flexibility  were  getter  ally  met  by  a  number  of 
outer  akin  formula*  ionr.  Bek.  these  outer  skin  fora  ul.it'  ioi><; 

i'.oii.  I.-.!  “'1  ot  V  t  bra  thane  B  •  oOh  sed  with  eikir.  :  .’BA  ot  MJ}-  .  ..I  ,  ,.,i.  1  '■ 

<■  ined  wi  th  40  t.o  4  5  parla/liundred  of  either  Eenzorlex  i  Santi*  i 
S-140  or  S-<nt  i  c  i.ser  S-160.  Careful  analysis  of  the  data*  espe*.  i  illy 
Gel : mar.  r.t  if fnos  ,  ~ »•>!  to  the  selection  of  the  following  formula*  ion  for 


the  on  tor  skin  o 

ompound . 

[  ngred'i  ent 

PHR 

V  ibratii  jne 

B-605 

100 

Tolune 

POO 

ruPDA 

3-3 

THF 

91 .2 

Sant icizer 

S-140 

40 

3041  Black 

3 

The  above  outer  okiri  compound  was  compared  to  a  nature.!  rubber 
skin  currently  used  on  the  standard  government  'roll  weather  boot,. 

Table  V  D  lists  the  comparison.  Tne  tensile  strength  of  ire  polyurelrur 
kin  compound  is  greater  than  the  tensile  strength  ot  the  rubber  ok i n 
compound  and  the  elongation  of  the  polyurethane  skin  compound  is  greater 
than  the  elongation  tor  the  rubber  skin  compound.  Bek  h  t.he  Die  C  '  ear 
and  tiie  Trouser  Tear  values  are  greater  tor  the  polys  et  hane  kin  com- 
;ee  . ml  than  for  tin?  rubber  skin  compound.  Tn^  Luu&I.ru  tu>  ( k.  .  lie  X 
elongation)  which  was  demonstrated  to  be  a  function  oi  tie  p u  c t  ire 
resistance  is  greater  for  the  polyurethane  skin  than  for  the  rubber 
skin.  These  data  indicate  that  an  outer  skin  comparable  to  natural 
rubber  can  be  made  from  polyurethane. 

Low  temperature,  Getiman  stiffness  measurements  show  thaf  the 
rubber  outer  skin  has  better  low  temperture  flexibility  than  the 
pc.l/u;  ethane  outer  skin.  However,  the  low  temperature  flexibili'y 
'"or  'he  polyurethane  outer  skin  was  considered  adequate.  Figure  h 
grar  i rally  illustrates  the  tougnness  curve  where  the  area  under  the 
'urve  is  directly  related  to  the  toughness  for  t.he  rubber  skin  sample. 

Tne  outer  skin  formulations  listed  i  r,  Table  V  wet*-  aged  for  4 
months  .in  environmental  chambers  at  t.he  U.  S.  Army  Natick  Laboratories 
The  two  aging  chamber  s  used  were  t.tie  Moderate  Desert  Chamber  arid  the 
Moir.:!  Tropical  Chamber  .  Table  VT  describes  ti  e  environment  al  cor  d:  l  ion. 
of  these  chambers  in  a  ?4-t:our  cycle .  Tne  results,  of  the  strew.,-  '.rain 
lata  for  these  aged  outer  skin  sample,  are  tabulated  in  Table  Vf[  and 
iu'"  ate  very  little  deterioration  oi  physical  properties. 
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FIGURE  5A 

TOUGHNESS  OF  OUTER  SKIN  FORMULATIONS 


TABLE  V  D 

COMPARISON  OF  PROPEPTIES  OF  OUTER  SKINS 


Physical  Properties 

1007.  Modulus  (PS I) 

3007,  Modulus  (PS I) 
Tensile  Strength  (PSI) 
Elongation  (7«) 

Trouser  Tear  (PPI) 

Die  C  Tear  (PPI) 
Toughness  (TXE) 
Puncture  Test 

(V'  Rod) 


Compounded  Sprayed 

Rubber  Skin  Polvurethar 

(On  Standard  Skinv  On  . 

Boots) _  Prototype  Pairs) 


132 

633 

2477 

510 

214 

1.26  X  106 
35  lbs./50  Mils 


360 

800 

2840 

570 

22 

320 

1.62  X  106 
47  lbs./ 50  Mils 


Gehman  Test  Data: 


T100 


-68°F 

-71°F 

-73°F 


+9°F 

-39°F 

-67°F 

-100°F 


★Formulation  on  preceding  page  -  Page  20. 
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Stress,  strain  and  tear  data  are  reported  in  Table  VIII  for  the 
same  six  skin  samples  which  were  aged  in  the  environmental  chambers  for 
six  months.  Sample  No.  6  is  very  similar  to  the  selected  outer  skin 
formulation;  the  only  difference  is  that  it  contains  five  more  PHR  of 
Santicizer  S-lUO  plasticizer.  When  the  aging  of  the  skin  samples  1  as 
initiated,  the  final  outer  skin  formulation  was  not  finalized;  therefore, 
the  outer  skin  sample  selected  for  aging  was  not  identical  in  composition 
to  the  selected  skin  formulation.  However,  sample  No.  6  closely  approxi¬ 
mates  our  formulation  so  that  the  data  can  be  extracted  and  applied  to 
the  recommended  formulation.  The  moderate  desert  chamber  intermittently 
exposed  the  samples  to  extreme  temperatures  of  130°F.,  whereas,  the  moist 
tropical  chamber  intermittently  exposed  the  samples  to  relative  humidities 
as  high  as  %%.  Examination  of  the  data  for  a  sample  in  each  chamber 
showed  that  very  little  deterioration  had  taken  place  due  to  extremes 
of  heat  and  moisture  over  a  six-month  period. 

2.  Outsole  and  Upper  Insulation 

All  of  the  selected  desirable  compounds  obtained  from  the  evaluation 
of  the  outer  3kin  formulations  served  as  a  starting  point  for  the  prepara¬ 
tion  of  a  foam  insulation  compound.  These  foam  compounds  were  evaluated 
in  much  the  same  way  that  the  outer  skin  compounds  were  evaluated. 

The  starting  formulation  for  the  outsole  compound  is  show,  below. 
Compounds  were  prepared  by  mixing  together  three  masterbatches ,  Master- 
batch  one  (MB  l)  consists  of  100  parts  of  Vibra thane  B-602  and  2  parts 
of  Silicone  Surfactant  SF-1079.  MB2  is  a  mixture  of  3  parts  of  Plasticizer 
S-l60  to  1  part  of  Meta  phenylene  diamine.  MB  3  is  a  50/50  weight  ratio 
of  Nitrosan  and  Plasticizer  S-lUO.  The  outsole  compounds  were  obtained 
by  mixing  102  parts  of  MB  1  with  12.56  parts  of  M32  and  a  variable  amount 
of  MB  3  to  give  us  compounds  containing  from  1  to  1 1  parts  of  Nitrosan. 

The  ratio  cf  MB  1  and  MB  2  was  kept  constant  in  all  of  the  outsole  com¬ 
pounds  evaluated. 


STARTING  FORMULATION  (PHR) 


Kasterbatch  #1 
Vibra thane  B-602  1 00 

SF  1079  Silicone  2 

Masterbatch  #2 

mPDA  3  o 1 U 

Santicizer  S-loO  9  M2 

Masterbatch  #3 

Nitrosan  50 

Santicizer  S-lUO  50 
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YSICAL  PROPERTIES  OF  OUTER  SKI.,  FORMULATIONS  AGED  SIX 
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These  compounds  were  submitted  for  physical  testing  and 
the  test  results  appear  in  the  graph  in  Figure  7-  From 
Figure  7i  desirable  properties  in  terms  of  high  elongation, 
good  tear,  low  corrprecsib  lity  and  low  modulus  were  observed 
at  a  density  of  approximately  2 5  lbs./cu.  ft.  In  work:  .g 
with  this  density,  the  proper  ratio  of  NH  to  NCO  was  deter¬ 
mined  to  be  near  0.90  from  the  data  plotted  in  Figure  8. 
Figure  9  shows  that  approximately  the  same  density  can  be 
obtained  from  the  same  amount  of  Nitrosan  whether  the  foam 
be  free  blown  or  blown  in  a  mold-  Figure  10  shows  that  water 
absorption  decreases  with  an  increase  in  density. 

The  initial  outsole  compound  having  tne  best  overall 
properties  had  the  following  formula: 


Vibrathane  B-60P 
Silicone  SF-1079 
MPDA 

Plasticizer  S-160 
Nitrosan 

Plasticizer  S-140 


Parts/100 


100 


9. 

1 

1 


The  outsole  compound  of  the  boot  constructed  under  the 
past  project  utilized  methylene  chloride  instead  of  Nitrosan 
as  the  blowing  agent. 


Nitrosan  was  chosen  because  it  gives  a  greater  amount  of 
closed  cell  structure  than  does  methylene  chloride.  Also, 
more  plasticizer  can  be  incorporated  into  the  compound  when 
Nitrosan  is  used;  this  makes  for  a  compound  with  better  low 
temperature  properties  and  allows  for  a  more  flexible  out¬ 
sole  which  gave  better  ti.,ction. 


At  this  point,  a  lightweight  insulated  boot  constructed 
from  the  best  materials  developed  to  date  was  molded  from 
an  electroformed  mold  and  case  aluminum  last  previously 
developed.  The  mold  was  not  Teflon-coated  and  required  the 
use  of  a  mold  releasing  agent.  The  use  of  a  mold  release 
required  that  all  surfaces  to  bo  sprayed  with  an  outer  skin  be 
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Mole  Ratio  Mole  Ratio 

FIGURE  8 

PHYSICAL  PROPERTIES  OF  POLYURETHANE  FOAM  HAVING  23  LBS./CU.  FT.  DENSITY 


(*«  ' no/’sqi )  XJISM3a 


Nitrosan  Dispers 
FIGURE  9 

MP ARISON  OF  MOLDED  FOAM  AND 


t 1  ( 


outer  edge  of  the  out. sole  be  buffed  to  improve 
v;  nr*  the  formulation;:;  and  the  weight:;  of' the 
up  the  boot.. 


ski  i 


Weight 

Ingredient 

FKR 

fc]  •  \ 

1 

Est.ane  5707 

100 

r.:; 

DBEA  (dibutoxy  ethyl 

75 

acetate) 

S-6531  Silicone 

r~ 

C  .■  ;  ,V;.e 

s  60 

Vibrathane  B-602 

100 

grarrus 

Benzoflex  9-88 

15 

mPDA  (meta  phenylene 

4 

di amine ) 

L-5310  Silicone 

2 

Nitrosan 

1 

U;  : 

135 

Vibrathane  B-602 

100 

grams 

Benzoflex  9-88 

42 

raPDA 

4 

L-5'310  Silicone 

ct 

Nitrosan 

8 

O' :  j 

130 

Vibrathane  B-605 

loo 

SI-  \  n 

grams 

mPDA 

3 1 

Benzoflex  9-88 

30 

Pigment 

5 

l'  ;*  .1  Boot  350  grams 
W  ght 


•p  , 


.ri’  .  .  *  •  i. 

in-*  .in Li. 

know!  eire 


ial.  out  sole  formulations  were  later  adjusted  to  reflect 
mined  by  the  extensive  evaluation  of  skin  samples. 

::g  foam  formulations  were  desired  to  improve  processing, 
this  goal,  a  series  of  formulations  using  a  blend  of  Vib- 
and  Vlbr othare  B--605  were  prepared  and  tested.  Visual 


3 


ern  f:o 


V  i  br -a  thane 


Indicate  that  improved  cell  structure  could  be 
Sunti'ci’zer  S~l40  instead  of  Benzoflex  9-88.  A 
density  formulations  using  Santicizer  S~l40  were 
ive  physical  testing.  A  blend  of  Vibrat'.hane 
R-SOb  was  also  used  to  study  foam  formulations 


mole-  The  blend  studies  were  performed  so  as  to  attempt 


0  quicker  reacting  loam  formulation  which  might  result  in 
-rc’oes.'.Lrg.  Also,  Santicizer  S-140  plasticizer  was  used  solely 
:  cumulation-,  since  it  tended  to  produce  the  best  cell 

These  evaluations  included  the  formulation  of  four  foam 
;i  "b  would  give  a  range  of  densities.  The  composition  and 
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physio 3"  of  these  fou  uples  are  listed  in  Table  IX.  The 

tensile  :ies  directly  w*  ni  the  density  of  the  foam  whereas 

the  %  elongat_.~»n  varies  inversely  with  the  density.  Both  the  Ross  flex 
(ASTM  D-10B2-55)  data  and  the  DeMattia  flex  (ASTM  D-81J-59)  data  were 
excellent  for  all  of  the  foam  samples.  Both  flex  tests  were  run 
according  to  ASTM  procedure  excent  that  no  initial  cutting  of  the  sampl 
was  performed  in  either  case.  The  tests  were  performed  to  measure 
flex  cracking  rather  than  cut  growth. 

Although  the  physical  properties  of  these  compounds  were  m  many 
ways  satisfactory,  the  processing  presented  difficulties.  The 
Vibrathane  B-60B  was  removed  and  replaced  with  the  Vibrathane  B-602. 
Also,  adjustments  were  made  in  the  level  of  plasticizer  so  that  the 
desired  density  of  about  25  lbs./cu.ft.  could  be  obtained  for  the 
outsole  foam  compound  and  about  1?  lbs./cu.ft.  for  the  upper  foam 
compound.  The  resulting  adjusted  compounds  for  the  upper  foam 
insulation  and  the  outsole  appear  below  and  in  Table  X. 


INGREDIENT 

OUTSOLE  (FHR) 

UPPER 

INSULATION  (PHR) 

Vibrathane  B-602 

100 

100 

Santicizer  E-l40 

25 

75 

MPDA 

4 

4 

Santicizer  S-160 

4 

4 

SF  1079  Silicone 

2 

2 

Nitrosan 

0.7 

7 

3041  Black 

2.1 

- 

US-15N 

0.7 

5 

The  pre uolymer  for  both  the  outsole  and  upper  foam  insulation  was 
Vibrathane  B-602  alone.  The  level  of  Santicizer  S-140  plasticizer 
was  set  at  25  pts/hundred  for  both  compounds.  The  level  of  Nitrosan 
in  the  upper  foam  insulation  compound  is  greater  than  the  level  of 
Nitrosan  in  the  outsole  compound  so  that  lighter  density  in  the  upper 
foam  insulation  compound  could  be  obtained. 

The  physical  properties,  listed  in  Table  X  show  that  the  compound 
adjustments  resulted  in  approximately  the  desired  densities  of  '5  and 
12  lbs./cu.ft.  for  the  outsole  anu  upper  foam  insular ion. respectively . 
Tensile  strength  was  increased  while  elongation  remained  about  the  same 
for  the  new  compounds.  The  compression  set  at  158°F  for  the  new  foam 
formulations  decreased  considerably  ever  the  preliminary  ones  whereas 
the  compression  set  at  -20  F  remained  about  the  same . 

An  actual  outsole  having  a  composition  identical  to  the  one  listed 
in  Table  X  was  flexed  on  a  UniRoyal  outsole  flexing  machine.  This 
machine  was  built  by  UniRoyal,  Inc.  and  when  an  outsole  is  mounted  in 


TABLE  IX 
FOAM  SAMPLES 


V  i  hi  ub.tni'  B-h02 
Vi  bur  thane  R-605 
S.in  t i c i zei  S-V*0 
FDA 

l,  .'will  Sil  icone 
N i 1 1 os  an 

VS-T’N  Plasticizer 
Density  ( lbs • / cu. f t . ) 

Modulus  (PSD  100% 

2  no  % 

%  Elongation 

Tensile  Strength  (PSI) 

Ross  Flex  (ASIH  P-1052-55) 
DeMattia  Flex  (ASTM  D-813-59) 

:///.  Compression  Set 

(after  22  Hrs.  (d-20  F) 

50%  Compression  Set 

(after  22  Hrs,  <3  158  F) 

Rashore  ResfDer.ee  (ASTM  D-2632) 

Flammability  (ASTM  D-lb92) 

water  Absorption  (ASTM 
.■  1056-62) 


#1_ 

#2_ 

#3 

#4 

60 

60 

60 

60 

40 

40 

40 

40 

53,2 

53.2 

5j  .2 

5  3.2 

3.2 

3.2 

3.2 

3.2 

1.6 

1.6 

1.6 

1.6 

3.2 

9.7 

12 

12.8 

1.4 

4.2 

5.1 

5.5 

17.9 

9.7 

7.0 

5.9 

12 

73 

3 

6 

0.6 

3 

0.8 

390 

490 

500 

550 

44 

22 

13 

11 

(No  cracking  after 

800,000  cycles) 

(No  cracking  after 

1,038,000  cy  ’es) 

100.2 

91.6 

97.4 

101 

82.1 

91.4 

95.5 

96. 

58 

50 

40 

37 

(Self  - 

Extinguishing) 

15,1 

21.9 

17.9 

12- 

2r'%  Compression  Deflection-(PST) 

Q  70°F 
(3  50°F 
@  25°F 
(3  0°F 
(3  -10°F 
(3  -20°F 


(AS™  D-2406) 
4.90  1-60 

4.60  2 . 00 

4.40  1.85 

4.35  1.90 

5.00  2.10 

5.30  2-4t> 


1.15 

0-4 

1.00 

0-3 

0.95 

0.2 

1.25 

0.4 

1 .60 

0.5 

1,65 

0.7 

TABLE  X 


FINALIZED  FORMULATIONS  AND  PHYSICAL  PROPERTIES  OF  OUTSOLE  AND  UPPER  INSULATION 


Outsole 


Upper  Insulation 


Composition  (PHR) 

Vibrathane  B-602 

100 

Santicizer  S-140 

25 

MPDA 

4 

Santicizer  S-160 

4 

SF-1079  Silicone 

2 

Nitrosan 

0.7 

3041  Black 

2.1 

US-15N 

0.7 

Weight  (Oz.) 

L-9.8 

Physical  Properties 

Density  (lbs./cu.ft.) 

28 

100%  Modulus  (PSI) 

33 

300%  Modulus  (PSI) 

138 

Tensile  Strength  (PSI) 

290 

Elongation  (%) 

550 

Trouser  Tear  (PPI) 

5 

*NBS  Abrasion 

22 

25%  Compression  Deflection 

(3  R.T.  (PSI) 

33. 

(3  -20°F  (PSI) 

45.' 

507.  Compression  Set 

a.  After  22  Hrs.  (3  158^F  25% 

b.  After  22  Hrs.  (3  70°F  8% 


100 

25 

4 

4 

2 

7 

3 

L-7.6  R-7.2 


12 

12 

47 

65 

440 

2 


5.5 

13.0 


68% 

0% 


25%  Compression  Set 
(After  22  His.  <3  -20°F) 


Reading  After 

100.0% 

96.4% 

10  Sec.  Recovery 

Reading  After 

92.5% 

94.2% 

30  Min.  Recovery 

*  Performed  on  outsole  core  -  cannot  be  determined  on  outsole  skin 
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hi.;  much  Luo .  ttio  toe  ls  bent  towards  the  inside  shank  at  an  angle  of  about 
>.  degree,  from  the  horizontal.  The  flexing  cycle  is  about  one  per  second. 

Before  flexing,  a  1/4-inch  cut  was  initiated  in  the  outsole.  The 
moment  growth  of  the  cf  was  plotted  as  a  function  of  the  number  of 
flexes.  This  plot  is  illustrated  in  Figure  11.  One  hundred  twenty  percent 
cut:  growth  occurred  after  '’',000  flexes  -  at  which  point  the  test 
was  terminated. 

In  general,  the  data  indicated  that  these  formulations  were 
adequate  to  produce  the  outsole  and  upper  foam  insulation  for  prototype 
boots.  The  physical  properties  of  the  outsole  and  upper  foam  insulation 
listed  in  Table  X  should  serve  as  specification  guides  for  these 
materials.  An  insufficient  number  of  boots  was  produced  to  establish 
tolerances. 

3.  Sock  Lining 

The  initial  sock  lining  developed  was  a  skin  obtained  by 
spraying  a  polyurethane  for; ,nl riOlon  onto  a  metal  foot  form  (last)  and 
drying.  The  formulation  and  typical  physical  properties  for  this 
polyurethane  sock  lining  are  listed  as  follows.* 


Formulation 

Physical  Properties 

I ngre  1  Lent 

PHR 

100$  Modulus  (PSI) 
300$  Modulus  (PSI) 

2000 

3500 

Estane  5707 

100 

Tensile  Strength  (PSI)5800 

3041  Black 

5 

Elongation  ($) 

450 

THF  (Solvent) 

1430 

Split  Tear  (PPI) 

Die  C  Tear  (PPI) 

200 

?00 

This  sock  lining  was  extremely  durable  and  lightweight-ranging  in 
weight  from  0.6  02.  to  0.9  oz.  One  disadvantage  cf  the  lining  was  that 
it  lacked  ease  of  doffing  after  wearing  a  given  period  of  time  due  to 
the  accumulation  of  perspiration  on  the  wearer's  foot.  A  solution  to 
the  problem  was  to  look  for  a  merterial  having  good  slip,  and  with  a 
ribbed  construction  so  that  air  may  by-pass  the  foot  as  it  was  being 
withdrawn  from  the  boot. 

A  nylon  sock  lining  was  utilized  in  the  first  attempt  to  achieve 
this  objective.  The  nylon  sock  lining  was  stitched  from  Nylon  l8l8 
which  i  a  100$  nylon  tricot  faerie  having  a  weight  of  3.57  oz./sq.  yd. 
and  a  gauge  of  .011-inches.  The  percent  water  absorbency  was  less 
than  ?%.  This  first,  attempt  was  not  too  successful  because  the  liquid 
polyurethane  came  through  the  nylon  and  nullified  the  good  slip  finish; 
el  o,  the  adhesion  of  the  nylon  t-o  the  polyurethane  foam  was  poor. 


Th"  m»xt  approach  was  ho  evaluate  coated  fabric;;  having  a  aide  to  which 
polyurethane  upper  foam  would,  adhere  and  an  opposite  side  with  g..od  slip. 
Polyvinyl  chloride  (PVC)  coated  cotton  was  investigated  first.  Boots 
were  made  with  sock  linings  and  constructed  both  with  the  PVC  against 
the  foot  and  with  the  cotton  against  the  foot.  The  overall  weight  of 
these  sock  linings  was  approximately  ounces  as  compared  to  about  }£- 
ounce  for  the  polyurethane  sock  lining.  When  the  PVC  side  was  against 
! he  foot,  there  still  appeared  to  be  drag  and  little  slip;  however, 
when  the  cotton  side  was  against  the  foot,  it  appeared  to  offer  good 
f  lip. 

A  second  coated  fabric  evaluated  for  a  sock  lining  was  .  urethane 
coated  nylon.  This  material  was  used  so  that  the  nylon  was  against 
the  foot  and  the  urethane  skin  against  the  urethane  foam.  However, 
this  material  proved  to  be  unsatisfactory  because  of  poor  adhesion  of 
t. he  urethane  skin  to  the  nylon  and  because  of  the  high  water  absorbency 
of  the  cloth  material.  The  one  advantage  which  this  sock  lining  had  was 
its  relative  lightweightnos;.  -  one  ounce. 

A  third  sock  lining  was  constructed  of  a  nylon  fabric  laminated 
to  a  cotton  fabric  with  a  natural  rubber  gum  layer  in  between.  The 
fabric  which  was  used  against  the  foot  was  a  100^  nylon  tricot  having 
a  weight  of  2.7  ounces/sq.  yd.  This  material  is  also  known  as  2  Bar 
Jersey  Tricot  Net.  The  fabric  against  the  urethane  foam  was  a  3 -ounce 
ribbed  net  cotton.  The  cotton  and  nylon  were  laminated  together  with 
a  .006-inch  thick  gum  rubber  coat  and  vulcanized  before  the  material 
was  stitched  into  a  sock*  This  sock  lining  appeared  to  be  the  best 
currently  developed  since  it  provided  the  nylon  fabric 
against  the  foot  for  good  slip  and  cotton  fabric  on  the  other  side  for 
good  adhesion  to  the  polyurethane  foam.  The  gum  coat  between  the 
two  fabrics  prevented  the  liquid  polyurethane  from  coming  through  to 
the  nylon  sock  and  nullifying  the  good  slip  finish.  This  sock  lining 
was  used  in  Prototype  boots  R-3003  through  R-3007  and  in  50  pairs  of 
Prototype  R-3003* 


B.  Last  and  Mold  Design 

Prior  to  constructing  a  new,  aluminum,  snug  ankle  last,  new 
fitting  measurements  were  made  so  that  the  last  would  match  a  standard 
size  10  foot.  This  added  fitting  was  necessary  since  the  foot  portion 
of  the  last  supplied  by  the  U.  S.  Army  Natick  Laboratories  was  revised 
from  lasts  provided  for  previous  projects.  The  supplied  last  was  a 
U.  S.  Mil.  V  combat  boot  last.  Also,  the  new  last  required  redesigning 
of  the  leg  portion  of  the  last  to  improve  fit.  The  last  design  which 
was  proposed  had  a  tighter  ankle  which  would  prevent  the  boot  from 
slipping  at  the  heel  and  when  combined  with  the  new  stretchy  skin  and 
foam,  would  still  permit  ease  of  donning  and  doffing.  A  wood  master 
was  fitted  to  a  standard  size  10  foot  and  an  aluminum  last  was  con¬ 
structed  from  the  master.  The  last  was  then  built  up  with  wax  and 
rhe  builr.  ;p  model  was  used  to  produce  a  rigid  polyurethane  mold  that 
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could  be  used  in  constructing  a  model  boot.  The  insulation  of  the  boot 
produced'  from ' this  mold  .would  have  a  thickness  equal  to  that  of  the  wax 
used  to  build  up  the  last.  In  building  up  the  last  with  wax,  insulation 
thickness  was  increased  overall  from  insulation  thicknesses  used  in 
boots  produced  during  previous  projects.  The  polyurethane  mold  was 
used  to  produce  the  first  crude  prototype  (XP-l).  Although  this  crude 
prototype  was  not  truly  representative  of  the  final  formulations  and 
maufacturing  process,  it  was  made  to  determine  if  the  insulation  thick¬ 
ness  would  be  adequate  before  constructing  aluminum  molds  -  thereby 
minimizing  expense.  The  boot  was  bulky  and  had  a  plane  bottom  outsole 
which  was  buffed  to  the  proper  size.  This  crude  model  was  submitted 
for  a  foot  insulation  test.  The  data  obtained  from  this  crude 
prototype  served  as  a  guide  towards  determining  insulation  thi  kness 
for  the  first  pair  of  aluminum  prototype  molds. 

In  evaluating  this  crude  prototype  boot  for  fit,  it  was  determined 
that  the  ankle  was  too  tight;  fit  in  the  foot  area  was  fine  and  there 
appeared  to  be  enough  room  in  the  toe  area  and  across  the  ball  of  the 
foot.  A  second  last  was  redesigned  so  that  there  was  more  room  in  the 
ankle  area  for  ease  of  donning  and  doffing.  The  newly  designed  pair  of 
lasts  was  used  in  constructing  the  first  pair  of  aluminum  molds.  In 
constructing  the  pair  of  aluminum  molds,  an  extensive  study  of  foot 
insulation  data  was  necessary  to  determine  the  insulation  thickness  for 
the  first  pair  of  prototype  boots.  The  crude  prototype  boot  (XP-l) 
which  was  first  constructed  and  submitted  for  Copper  Foot  data  was 
compared  to  Other  boots  whose  insulation  thickness  and  overall 
insulation  value  were  known. 

The  foot  insulation  data  and  insulation  thickness  of  three  light¬ 
weight  insulated  boots  are  tabulated  in  Table  XI.  Boot  IC-3  is  an 
early  prototype  and  boot  IC-312  is  a  later  prototype,  both  produced 
under  the  project  which  preceded  the  current  work.  A  careful  analysis 
of  the  thickness  and  Clo  Values  of  these  boots  led  to  the  proposed 
thickness  and  expected  Clo  Values  by  means  of  extrapolation  for  the 
first  pair  of  prototype  boots  that  were  constructed  from  these  aluminum 
molds.  Figure  12  shows  the  insulation  thickness  proposed  for  the 
first  pair  of  prototype  boots. 

The  U.  S.  Army  Natick  Laboratories  provided  UniRoyal  with  an  out¬ 
sole  design  that  might  increase  traction.  This  new  outsole  design 
(Vibram  Lug  Design)  was  used  in  constructing  the  first  pair  of 
prototype  molds  described  in  the  preceding  section.  The  Vibram  Lug 
Design  is  illustrated  in  Figure  13* 


*The  amount  of  insulation  necessary  to  maintain  in  comfort  a  sitting, 
resting  subject  in  a  normally  ventilated  room  (air  movement  20  ft./ 
min.)  at  a  temperature  of  70°F  and  a  humidity  of  air  which  is  less 
than  50  percent. 
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After  receiving  the  pair  of  aluminum  mold:.,  the  fir  ;t  pair  of 
prototype  boots  was  produced.  The  out, sole  pattern  wan  designed  after 
the  Vibram  Lug  sole  design.  'The  upper  foam  insulation  thickne.u;  of 
boots  prepared  from  this  mold  conformed  to  the  proposed  thicknesses 
stated  in  Table  XI. 


The  overall  mold  for  each  boot  consist  of  5  pieces,  and  a  last. 

One  of  the  pieces  is  a  sole  plate  containing  two  other  pieces  which 
are  side  rings  and  form  the  upper  edge  of  the  outsole  when  the  last  is, 
rested  on  the  rings.  After  the  outsole  is  molded,  the  side  rings 
are  removed  and  the  two  other  pieces  which  form  the  boot  upper  are 
brought  together  around  the  last  which  is  still  in  the  same 
position  it  was  in  when  the  outsole  was  formed.. 

The  above  described  mold  was  used  in  preparing  the  first  pair 
of  prototype  boots  and  also  to  prepare  six  Identical  pair  of  coots. 

Based  on  wear  test  results  which  will  be  described  later  in  this 
report,  of  the  six  additional  pair  of  boots  prepared,  adjustments 
were  made  to  the  existing  mold  to  produce  a  new  mold  for  making  future 
prototype  boots.  At  the  request  of  the  0.  S.  Army  Natick  Laboratories, 
the  changes  which  were  made  in  the  new  mold  were;  (l)  the  toe  end  of 
the  outsole  was  made  square  rather  than  round:  (2)  the  heel  was  made 
larger  and  pushed  back  so  that  the  outside  edge  was  almost  in  line  with 
the  boot  upper;  (3)  the  entire  outer  edge  of  the  outsole  was  extended 
so  that  it  was  in  line  with  a  perpendicular  dropped  from  the  boot 
upper;  and  ( 4 )  the  new  rings  were  fabricated  so  that  a  heel  counter 
could  be  integrally  molded  to  the  outsole.  In  making  all  of  the 
above  changes,  a  modified  Vibram  Lug  sole  design  was  maintained. 

The  above  mold  was  used  to  make  prototype  pairs  R-3002,  R-3003, 

R-300A ,  and  R-300?.  The  se  prototype  pairs  will  be  fully  described 
later  in  this  report.  Also  50  additional  pair,  of  prototype  R-3003  were 
produced  for  the  U.  S.  Army  Natick  Laboratories. 


A  second  major  mold  change  made  after  the  fabrication  of  the  50 
pair  of  boots  and  recommeded  by  the  U.  S.  Army  Natick  Laboratories 
was  to  design  an  outsole  having  a  larger  wear  surface  in  contact  with 
the  ground  in  the  area  of  the  ball  of  the  foot.  Several  outsole  design 
which  are  illustrated  in  Figure.  14  through  18  and  identified  as 
Outsole  Design  A  through  E,  were  submitted  to  the  U.  S,  Army  Natick 


Laboratories.  The  selected  design  from  which  to  have  a  mold  made  was 


Outsole  Design  E.  A  new  outsole  mold  was  made  and  a  prototype  pair 
(R-3005)  was  fabricated  using  the  formerly  mentioned  mold  with  Outsole 


Design  E. 
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C .  Testing 

The  testing  data  contained  in  the  preceding  Tables  and  Figures 
have  already  been  referred  to  in  reporting  the  results  of  material  studies 
performed  for  various  parts  of  the  boot  . 

A  lightweight- '  insulated  boot  (TC--312)  constructed  under  a 
previous  pro;]  or  t  war  submitted  to  a  fee-*-  iri'-vlai  i  on  test...  This  toot 
Was  then  wear-tested  for  ICC  miles.  It  was  again  submitted  for  a 
foot  insulation  ter t  after  wear  testing.  This  series  cf  rests  war 
run  on  the  boot  in  order  to  determine  the  effect  of  wear  or.  the  overall 
insulation  value  of  the  boot.  The  foot  insulation  test  data  which,  were 
obtained  on  this  boot  are  listed  below.  Refer  to  Figure  19  to  identify 
tne  section  numbers  with  the  parts  of  the  foot.  The  Insulation  valuer- 
are  given  in  Clos.  There  was  no  significant  decrease  in  Clo  value 
after  wear  testing  boot  IC-312  one  hundred  mile:.. 

CLP  VALUES 

Polyurethane  Boot  IC-312  After 

Ce c tion  IC-31 2 _ Walked  100  miles 
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A  pair  of  size  10  standard  insulated  (cold-wet)  boots  wei e 
furnished  by  the  U.S.  Army  Natick  Laboratories  to  be  wear  tested  for  100 
miles.  A  comparison  of  outsole  wear  was  made  between  the  standard  boots 
and  the  polyurethane  boot  (IC-312)  that,  was  previously  wear  tested 
The  wear  testing  of  the  standard  Government,  beets  helped  determine  if  a 
lesser  abrasion  resistant,  lower  modulus,  polyurethane  compound  could 
be  utilized  as  an  outsole  compound  so  that  traction  could  be  improved 

The  standard  pair  of  size  10  insulated  (cold-wet)  boots 
provided  by  the  Government  were  wear  tested  at  Naugatuck.  Connecticut 
for  100  miles  and  returned  to  the  U.  S.  Army  Natick  Laboratories  for 
a  second  foot  insulation  teat .  The  data  obtained  has  been  tabula1 ea 
below.  Also,  similar  data  for  bool:  IC-312  are  included  again  for 
comparison  sake.  The  decreases  in  Clo  values  of  boot  IC-312  after 
walking  100  miles  is  not  considered  to  be  too  significant .  However,  the 
meld  designed  for  the  first  pair  of  prototype  boots  allowed  tor  increased 
insulation  in  the  attested  areas. 

~T  AVAILABLE  COPY 


CLO  VALUE'S 


Standard  48  02-  Booi 

Boot  IC  312  (±6-2  Oz 

After 

After 

Section 

Ini  t  ial 

100  Mi. 

I  n  1 1.  i  al 

100  Ki 

3 

1.6? 

i  .19 

1  62 

1=53 

4 

1.81 

1 .85 

1  Co 

1.69 

5 

2.00 

2.07 

1.84 

1  90 

6 

2.02 

2.19 

1  .,78 

1,81 

7 

1.52 

1.57 

2 . 09 

1.81 

8 

76 

2-57 

2-27 

2.45 

9 

2.13 

2.4? 

2.06 

2.29 

10 

1  68 

1  -89 

2  07 

1  96 

11 

2,31 

2 .64 

i -83 

I  97 

12 

2.82 

3.17 

2-2? 

2.21 

Overall 

1.93 

1  88 

1.39 

1.89 

After  the  pair  of  standard  Government  insulated  (cold-wet)  loots  were 
tested  100  miles,  they  were  compared  for  wear  to  boot  1(1-312  and  an 
experimental  boot  containing  the  new  outsole  compound,  each  of  which  was 
wear  tested  100  miles.  The  experimental  boot  was  made  from  an  electro 
formed  mold  used  to  produce  boot  IC-312  during  the  previous  proiect  and  the 
outsole  compound  is  shown  on  Page  39.  After  examing  these  boots,  it  was 
concluded  that  some  of  the  abrasion  resistant  properties  of  boot  IC-312 
could  be  sacrificed  for  that  of  increased  traction.  Although  the  wear 
characteristics  cf  the  outsole  of  the  experimental  boot  was  not  as  good 
as  that  of  boot  10-312,  it  showed  less  wear  than  that  on  the  Government 
insulated  (cold-wet)  boots.  The  new  outsole  compound  appeared  to  have 
satisfactory  abrasion  resistance  and  was  much  more  flexible  and  softer 
at  low  temperatures. 

Boot  IC-312  and  the  experimental  boot,  containing  the  new  outsole 
compound  were  wear=-tested  for  a  second  100  miles.  The  standard  pair  of 
insulated  (cold-wet)  boots  was  also  wear-^es+ed  fer  a  second  100  miles. 

At  the  completion  of  the  wear  test,  all  boots  were  evaluated  and  compared. 

The  conclusions  based  on  this  wear  test  were  that  the  outsole  on 
boot  IC-312  was  superior  to  that  on  the  experimental  boot  and  on  the 
standard  government  cold  weather  loot.  However,  the  outsole  of  the 
experimental  boot  containing  the  new  outsole  formulation  wore  less  than 
the  outsole  on  the  standard  Government  cold  weather  best.  Consequently, 
the  experimental  outsole  was  considered  satisfactory  for  use  on  future 
prototype  lightweight  insulated  footwear.  These  data  ace  illustrated 
on  the  following  page. 
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Wear  Test.  Results  After  200  Miles  Lightweight 

Polyurethane 
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One  of  the  six  additional  pair  produced  of  Prototype  R-IOOi  vas  tested 
for  foot  insulation  at  the  U.S.  Army  Natick  Laborat o rise  and  returned  to 
be  wear  tested  1.00  miles.  This  pair  of  boots  is  coded  H-3G01-A,  -4^  and 
described,  in  Tables  XII,  XI IA  &  XIIB.  General  observations  which  were  made 
were  that  the  outer  skin  had  split  near  the  arch  of  the  right  bool  .  A] though 
the  overall  outsole  and  heel  yearwere  considered  good,  piece*  of  a  few  of 
tne  cleats  tore  out  of  the  right  foot  outsole.  ‘This  may  have  been  due  to  a 
lack  in  the  processing  techniques  at  that  time.  The  boots  were  returned 
to  the  U.  S.  Army  Natick  Laboratories  so  that  a  second  foot  insulation  test 
could  be  performed.  This  second  foot  insulation  test:  was  performed  to 
determine  the  effect  of  wear  testing  100  miles  on  the  overai..  insulation 
of  the  boot.  The  foot  insulation  da-a  showed  that  trier e  was  no  loss  in 
overall  insulation  after  wear  testing  trie  boots  tor  ICO  miles.  This  same 
pair  of  boots  was  returned  to  Naugaiuc-k  To  be  wear  tested  for  a  second  100 
miles.  These  boots  were  evaluated  for  wear  after  being  wear  tested  POO  miles 
On  the  left  boot,  there  was  a  one  inch-tear  at  the  instep;  tV.e  outsole 
(Vibram  Lug  Design)  was  worn  mostly  at  the  outside  edge  of  the  heel  and  at 
the  ball  of  the  foot.  Several  cleats  located  near  the  shank  ana  at  the  toe 
snowed  chunking  where  parts  of  these  cleats  were  torn  away  from  tne  outsole. 
The  skin  of  the  right  boot  showed  two  tears  a  54-inch  tear  over  the  small 
toe  and  a  1-inch  tear  at  the  arch  area.  The  outsole  (Vibram  Lug  Design) 
was  worn  mostly  at  the  outside  edge  of  the  Keel,  at  the  ball  of  the  foot 
and  at  the  toe.  Several  cleats  located  near  the  shank  edge  of  the  heel, 
ball  of  the  foot  and  toe  showed  chunking  and  were  torn  away  from  the  oursoJe, 
Both  boots  also  showed  that  the  skin  was  beginning  to  slightly  peel  away 
from  the  outside  edge  of  the  heel  only.  In  conclusion,  the  overall  integrity 
of  these  boots  was  maintained  and  they  were  still  wearable  after  wear- 
testing  POO  miles  at  Naugatuck. 

The  above  boots  were  again  sent  to  the  TJ.  S,  Army  Natick  Laboratories 
so  that  a  third  foot  insulation  test  '’ould  be  made  cn  them.  This  final 
fool  insulation  test  indicated  that  there  was  little  change  in  ti,a  overall 
insulation  value  of  the  boots  after  wear  testing  200  miles, 

D ,  Production  Processes 


All  of  the  boots  described  in  this  report  ware  fabricated  with  a 
Diehl  Ma’.eer,  three  component,  polyurethane  n,i xing/metering  machine  This 
is  a  laboratory  machine  and  can  ce  used  only  for  limited  wo J act. ion. 
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The  cnree  components  which  are  mixed  and  metered  by  the  machine  are  (l) 
prepolymer;  (2)  curative  and  (3)  additives  which  include  blowing  agent  and 
colorant.  See  Figure  20. 

The  ..olds  into  'which  the  compound  is  dispensed  consist  of  five  pieces 
and  a  last.  The  molds  are  fully  described  in  the  section  entitled  Last  and 
Mold  Design. 

The  unit  for  spraying  the  skin  onto  the  bout  is  a  two  component  Binks 
airless  spray  gun.  The  two  components  are  prepolymer  and  curative.  See 
Figure  21 . 

The  following  is  a  detailed  step-wise  procedure  describing  the  process 
used  in  fabricating  prototype  pairs  of  boots  in  the  laboratory. 

Lightweight  Polyurethane  Boot  Making  Process 

I .  Preparation  of  Machine 

1.  Turn  on  mixing  machine.  Prepolymer  tank  temperature  is  set  at 
220  F.  Curing  agent  temperature  is  set  at  220  F. 

2.  Set  outsole  mold  preheat  oven  at  150°F.  Turn  cn  oven. 

3.  Prepare  compound  mixtures. 

a.  Pour  compounds  into  respective  pots. 

b.  Allow  compounds  to  warm  up  to  desired  temperature. 

c.  Check  machine  for  methylene  chloride  (used  for  flushing) 

4.  When  compound  materials  have  warmed  up  for  approximately  one 
hour,  machine  should  then  be  checked  for  proper  output  mole  ratios. 

a.  Outsole  prepolymer  output  is  set  at  60. 

b.  Outsole  curing  agent  is  set  at  &/z  turns. 

c.  Blowing  agent  is  set  at  12  turns. 

d.  When  calibrating  upper  compound,  curing  agent  is  adjusted  to 
5  3/4  turns. 

5*  Before  making  outsole  pretest  shot,  check  buttons  on  side  panel. 

See  that  all  are  on.  Set  auto/manual  switch  to  auto.  Set 
impeller  speed  to  82.  Set  timer  for  5  seconds  for  outsole.  and 
seconds  for  upper. 

6.  Make  pretest  shot  in  cup  and  check.  Check  for  expansion  and  cure 
rate.  Shot  should  be  tack  free  in  about  90  seconds. 

a.  Flush  machine. 

II.  Preparation  of  Molds 

1.  A  nylon  sock  is  die  cut  and  stitched.  To  prevent  compound  seepage 
through  seam  of  sock,  a  solution  of  80%  THF  ana  20/  Estane  5707  is 
applied  to  seam. 
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a.  Place  sock  lining  on  Tact  and  secure  top  of  sock  to  last 
with  friction  tape, 

b.  Place  la  t  on  mold  carrier.  Return  to  oven  to  reheat. 

.  Check  temperature  of  outsole  mold. 

a.  When  outsole  mold  temperature  is  !20°F.,  assemble  sock  lined 
last,  outsole  mold  and  outsole  rings. 

L.  Take  outsole  assembly  and  roll  to  machine. 

c  Ch  ck  side  panel  buttons  -  impeller  speed  is  set,  at  82,  head 

switch  is  on,  auto/manual  switch  set  on  auto,  timer  set  to  9*5  sec. 

III.  Outsole  Compound  Shot 

1.  After  ail  dials  are  cnecked,  prepare  to  make  outsole  shot. 

a.  With  preshot  cup  at  machine  to  catch  'Jr-  ,  flow,  collect 

compound  for  n  to  1  sec.  Shoot  outsole  material  into  outsole 
mold  for  9*5  sec. 

b„  Place  outsole  mold  back  on  carrier  and  secure.  Flush  machine. 

c.  Return  outsole  mold  assembly  to  oven  and  cure  for  15  minutes. 

d.  Repeat  procedure  with  other  foot. 

IV.  Upper  Compound  Shot 

1.  While  outsole  is  setting  in  oven,  proceed  to  switch  outsole  blowing 
agent  stream  with  upper  blowing  agent  stream. 

a.  Take  cup  and  make  2  second  pretest  shot  of  upper  blowing  agent, 

2.  When  outsole  compound  is  set,  remove  outsole  mold  assembly  from 
oven. 

a.  Remove  outsole  , Ings. 

b.  Assemble  upper  mold  on  carrier.  Place  mold  halves  gently 

on  top  of  outsole,  making  sure  outsole  flash  is  well  covered 
and  upper  mold  is  secure. 

c.  Roll  mold  to  machine. 

d.  Impeller  speed  is  set  at  82;  timer  is  Eet  at  7.5  sec.  Head 
switch  is  on. 

e.  With  preshot  cup,  collect  compound  for  %  sec.  Shoot  upper 
material  into  mold  for  7«5  sec. 

f.  Star'  mold  on  toe  for  3-5  seconds.  Heel  is  resting  on  arm 
of  cart.  Flush  machine. 

g.  When  flash  begins  to  appear  about  half  way  up  mold,  roll  mold 
to  oven  to  cure  for  about  30  minutes. 

h.  Repeat  procedure  with  other  boot, 

3.  When  boot  has  cured  fur  30  minutes,  remove  from  oven  and  demold, 
a.  Clean  mold, 

B.  Trim  flash  from  demolded  boot. 
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Lightweight  Polyurethane  Boot  Spray  Finishing 

I.  1.  Trim  excess  flash  from  boot. 

2.  Buff  trim  lines  around  outsold  and  upper',  also  buff  port  holes 

3.  Cut  buffed  boot  to  height  of  11  inches. 

4.  Dip  tons  of  boots  in  spray  mixture  to  seal  top 

5.  Apply  c-^ray  mixture  by  hand  to  t-mied  area,  where  necessary 

6.  Prepared  bouts  are  then  put  on  lasts  to  be  sprayed. 

7.  C-Vices  are  clamped  tc  last,  for  easy  spray  handling. 

II.  1.  Two  component  spray  solution  is  prepared. 

2.  Spray  machine  is  set  up  with  two  component  lines;  the  curing 
agent  is  one  line  and  the  prepolymer  is  the  other  line. 

3.  Boots  are  sprayea  one  coat  at  a  time  to  a  four-coat  spray, 

4.  After  each  coat  is  sprayed,  boot  is  rotated  until  spray  sets  to 
prevent  boot  from  dripping  and  rippling. 

5.  When  spray  coats  have  set,  they  are  then  plated  in  oven  for  one 
hour  at  150 'F  to  cure  spray  solution. 

6.  After  curing,  boots  are  stripped  from  lasts  and  tops  of  boots 
are  trimmed  of  overspray. 

7.  If  outsoles  have  developed  spray  ’tips"  on  the,  "tips"  are  buffed 
from  outsoles. 

8.  Buffed  outsoles  are  new  refinished  with  light  coat  of  painted 
spray  solution, 

9*  Boots  are  now  ready  to  be  branded  with  serial  number  and  weight 
of  boots  in  grams. 

10.  Final  step  consists  of  inspecting  boots  and  packing  them. 

The  above  procedure  is  designed  for  the  Laboratory,  and  since  no 
commercial  quantities  of  boots  were  manufactured,  a  commercial  process  for 
the  fabrication  of  lightweight,  insulated  footwear  was  not  developed. 

However,  based  upon  existing  knowledge  of  the  process,  a  proposed  future 
process  was  developed.  A  schematic  of  tnis  process  is  illustrated  in  Figure  77 

Using  the  schematic  in  Figure  22,  an  envisioned  manufacturing  process 
can  take  place  as  follows: 

1.  A  fabric  lining  is  stitched  elsewhere  and  delivered  to  the 
making  line. 

2.  Hood  sock  over  last. 

3.  Outsole  mold  is  assembled  automatically. 

4.  Polyurethane  is  injected  into  outsole  mold  davity, 

5.  Outsole  is  allowed  to  expand  and  cure  for  f^ve  minutes. 

6.  Sings  forming  top  edge  of  outsole  open  automatically 

7.  Upper  mold  is  assembled  around  the  last  and  outsole  automatically. 

8.  Upper  insulation  compound  is  injected  into  mold  cavity. 

9«  Upper  is  allowed  to  expand  and  cure  for  20  minutes. 

10.  Mold  is  disassembled  automatically  and  boot  is  stripped  from  last. 

11.  Trim  boot  to  correct  height  and  trim  flash. 

12.  Put  boot  on  spraying  last  and  place  last  on  spraying  conveyor 

13.  Spraying  operation  will  be  carried  out  automatically  by  electrostatic 
airless  equipment  on  the  adjacent  conveyor  line. 
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FIGURE  22 

SCHEMATIC  OF  PROPOSED  PROCESS  FOR  MANUFACTURING  LIGHTWEIGHT,  INSULATED  POLYURETHANE  FOOTWEAR 


The  above  proposed  process  for  commercially  producing  lightweight 
insulated  footwear  could  be  developed  by  a  manufacturer  of  polyurethane 
injection  molding  equipment  and  shown  to  be  feasible.  The  current  status 
of  the  art  requ.res  a  development  program  since  there  is  no  commercial 
machine  available  tc  make  a  polyurethane,  lightweight  insulated  boot  as 
described  above. 

E  Description  of  Prototype  Fairs 

1 »  Prototype  Pair  R-30QI  -id  -14 

Prototype  pair  R~3u01  -*13  ,—14  was  patterned  after  pr  in¬ 
number  E-3C89-  The  formulations  for  each  integral  part  of  the  boot 
and  physical  properties  of  these  parts  are  tabulated  in  Tables  XII, 

XTIA  and  X.IIB,,  The  sock  linings  were  made  by  spraying  the  lasts  with 
an  Estane  5/C7  solution-  The  outsole  has  a  Vibram  Lug  design  and  both 
the  outsole  and  upper  insulation  are  integrally  cast  and  made" from 
expanded  polyurethane.  The  outer  skin  was  a  sprayed  on  Vibrath&ne  B-oOJ 
which  has  been  cured  with  mPDA.  A], so,  formulations  and  physical  properties 
of  the  six  additional  pair  produced  of  this  prototype  are  listed  in  the 
same  tables,  The  actual  physical  properties  were  measured  only  for  the 
prototype  pair  and  are  considered  to  be  typical  for  the  other  pairs. 

2,  Prototype  Pair  R-3002-1,-2 

Prototype  pair'  R-qOOk-1,-2  was  patterned  after  print  D-3089. 
This  prototype  pair  differed  from  prototype  pair  P -3001-13, -14  Ln  that 
(l);  the  toe  end  of  the  outsole  was  square  rather  than  round  ana  the 
entire  outer  edge  of  the  outsole  was  extended  so  that  it  was  in  line 
with  a  perpendicular  dropped  from  the  boot  upper;  and  the  heel  war 
made  larger  and  pushed  back  so  that  the  back  edge  was  almost  in  line  with 
the  ooot  upper-  The  same  sock  lining  and  outsole  design  as  that  of 
Prototype  pair  R— qOOT'Iq , —14  was  used.  The  outsoie  was  made  larger  to 
reduce  skin  punctures  from  objects  which  could  come  in  contact  with  the 
side  of  the  boot.  -  a  deficiency  which  was  noted  on  Prototype  pair 
R-3001-13,-l4.  Formulations  for  each  integral  part  of  the  boots  and  the 
typical  physical  properties  are  tabulated  in  Tables  XT IT  and  XII1A. 

3 -  Prototype  Pair  P -3001-1 , ••2 

Prototype  pair  R  -VJbj-T  .  ■  2  was  labricated  from  trie  same- 
mold  as  Prototype  pair  R-3002-1 , 2  ana  has  the  same  overall  design  ex  - 
cept  that  it  has  a  nylon  sock  lining.  The  nylon  sock  lining  was  used 
instead  of  the  Estane  sock  lining  to  improve  tne  si  ip  qualities  of  the 
sock  lining  and  promote  ease  of  donning -ana  dot  fing.,  Tne  nylon  sock 
lining  consists  of  a  nylon  fabric  laminated  to  a  cot  ten  fabric  with  a 
natural  rubber  interface  which  is  vulcanised  after  lamination.  The 
nylon  fabric  which  is  used  against,  the  foot,  is  a  100%  nylon  tricot 
having  a  weight  of  2,7  ounces  per  square  yard  Tti-  material  is  also 
known  as  Two  Bar  Jersey  tricot  net-  The  faoric  used  against  the  nr  ethane 
foam  is  a  3 -ounce  ribbed,  net  cotton.  Tne  nylon  against  the  foot  t.as 
good  slip  qualities  but  poor  adhesion  to  poiyur  ethane:  therefo-e,  the 
cot  to n  fabric  is  required  to  obtain  good  adhesion  tc  the  polyurethane- 
foamed  upper.  Tne  vulcanized  gum  coat  between  the  2  fal.rits  f  r  event  s  the  1 
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Total  Boot  23.7 


TABLE  XII  A 

TYPICAL  PHYSICAL  PROPERTIES  OF  PROTOTYPE  BOOTS  R-3001 
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TABLE  XII  B 


INSULATION  THICKNESS  OF  PROTOTYPE  BOOTS  R-300I 


Upper  Insulation  Thickness*  (.001  Inch) 


Side 

Front 

Back 

Top 

70 

70 

70 

Ankle 

400 

500 

500 

Heel 

- 

- 

500 

Instep 

600 

600 

*" 

Toe 

700 

700 

Outsoxe  Thickness  - 

Includes  cleats  which 

are  250  mils  thick 

Heel 

1750 

Arch 

750 

Ball 

1000 

*Boot8  R-3001  -  A, 

-1,  -3  and  -7  through 

-14 
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prototype  pair  R-3006~l,~2  since  outsole  compound  is  same  as  upper  compound 


polyurethane  from  coming  through  to  the  nylon  sock  and  nullifying  the  good 
slip  finish  when  the  boot  is  being  fabricated.  The  formulations  for  each 
integral  part  of  the  boot  and  the  typical  physical  properties  of  these  parts 
are  tabulated  in  Tables  XIII  and  XIIIA 

4.  Prototype  Pair  R-- 5004-1 ,  •  P 

Prototype  pair  K  />(;>'!  1.  war  .identical  to  prototype  pair 
R-3003-1,-2  except  that  it  had  a  counter  which  was  integrally  cast  with  the 
outsole.  This  counter  was  added  to  render  support  to  the  heel  of  the  foot 
and  to  stabilize  the  foot  so  that  it  did  nor  shift  of'f  the  edge  of  me  outsole- 
The  formulations  for  each  integral  part  of  the.  boot  and  the  typical  physical 
properties  of  these  parts  are  tabulated  in  Tables  XIII  and  XTIIA, 

5.  Prototype  Pairs  P  -jOPp-I ,  -2.  ;  5, -4 

Prototype  pairs  R-’iOn^  i,.."’  :  -4  werr  identical  to  prototype 

pair  F-3003-1,-2  except  the:  u.e  <  .  j  ov  -cue  design  was  altered  to 

look  like  Design  E  in  Figure  lS.  Inis  new  outsole  design  was  used  to  in  mease 
the  wear  surface  of  tne  outsole  in  the  area  of  the  ball  of  the  foot.  The 
formulations  for  each  integral  part  of  the  boots  and  the  typical  physical 
properties  of  these  parts  are  tabulated  in  Tables  XIII  and  XIIIA, 

6.  Prototype  Pair  R-3006-1.--P 

Prototype  pair  P-3006-1,-2  was  also  ident i -a.i  to  prototype 
pair  R-3003“l»'"2  except  that  the  formulation  for  too.  upper  foam  insula1  ion 
was  used  for  both  the  outsole  and  the  upper  .team  insulation-  Another 
exception  was  that  the  outsole  design  was  that  of  Design  E  which  is  illus¬ 
trated  in  Figure  18.  These  changes  were  made  so  as  to  de .ermine  the 
feasibility  of  the  low  density  upper  foam  insulation  as  an  outsole  material 
This  low  density  foam  accounted  for  a.  considerable  weight  reduction  in  the 
boot  and  also  a  softer  feeling  outsole.  The  formulations  for  each  integral 
part  of  the  boot  and  the  typical  physical  properties  of  these  parts  are 
tabulated  in  Tables  XIII  an i  XIIIA. 

7.  Prototype  Pair  R--Vv</  I, 

Prototype  pair  R  5007  j,  '■  was  identical  to  prototype  pair 
R-3003-1 , -2  except  that  a  four  inch  trign  nylon  closure  with  a  draw  lace  at 
the  top  was  attached  to  each  boot,  Tne  nylon  material  used,  for  this  closure 
was  identical  to  the  nylon  material  used  for  the  sock  lining.  Hie  closure 
/as  added  to  seal  off  the  top  edge  of  the  boot  from  the  elements  01  tie 
weather.  Tne  formulations  or  each  integral  part  of  the  boot  and  tre  physical 
properties  of  the  parts  are  tabulated  in  Tables  XIII  ana  XIIIA, 

F,  Informal  Information  on  Additional  Pairs  of  Prototype  loots  R-30C1-T3, 

-14  and  R-3003-lT-I  " 

During  the  month  of  March,  1970  the  first  prototype  pair-  'R-300I-13  , 
-14)  of  lightweight,  insulated  polyur e than ?  toot  -  was  submit f ed  o  tve  U.S. 
Army  Natick  Laboratories.  Also,  six  similar  pairs  were  prepami-  Tne 


formulations  for  each  integral  pa-t  of  the  hoot  and  the  physical  properties 
of  these  parts  are  tabulated  in  Tables  XII,  XIIA  &  XIIB„  These  formulations 
represented  tne  nest  overall  formulations  to  date  which  would  provide  boots 
with  adequate  physical  properties.  Two  pai"  of  the  above  boots  were  wear 
tested  it  Alaska  by  the  U.  3.  Army  Natick  Laboratories.  Tire  limited  data 
obtained  from  the  test  promoted  design  changes  whir’  resulted  in  the  fabrica¬ 
tion  of  Prototype  pair  R-3003--1, -2. 


Prototype  Pair  R-3003-1 , -P  served  as  a  model  for  the  production  oi 
50  additional  pairs  of  boots.  The  weight  of  these  boots  averaged  about  ?6 
ounces/boot.  The  slight  increase  in  weight  was  a  result  of  increased  materials 
used  in  the  boot  which  had  a  slightly  larger  outsole  and  upper  and  also  a 
result  of  altered  processing  conditions.  The  increased  volume  of  each  boot 
accounted  for  approximately  2  ounces  of  additional  weight.  The  use  of  a 
nylon/rubber/cotton  laminate  as  a  sock  7 ining  added  an  additional  one  ounce 
of  weight. 

It  was  essential  that  the  last  and  the  mold  be  heated  together  to 
approximately  230  F  prior  to  casting  the  liquid  polyurethane.  Since  the 
nylon  sock  acts  as  an  insulator  and  prevents  the  heat  transfer  from  the  last 
to  the  compound  from  not  being  as  efficient  as  the  heat  transfer  from  the 
mold  to  the  compound,  the  overall  expansion  of  the  compound  is  decreased  and 
results  in  a  slightly  higher  density  boot.  This  increased  density  accounted 
for  approximately  two  more  ounces  of  additional  weight  per  boot. 

To  compensate  for  the  insulating  effect  caused  by  the  nylon  sock, 
the  mold  and  last  were  heated  to  a  higher  temperature  (?5!>  F).  However, 
since  both  mold  and  last  must  be  heated  together,  the  added  heat  transmitted 
by  the  mold  results  in  over  expansion  and  the  resulting  compound  was  too 
soft  and  lacked  durability.  On  the  other  hand,  if  the  mold  is  not  heated  to 
higner  temperatures,  but  rather  more  blowing  agent  is  added  to  the  compound, 
the  expansion  of  the  compound  is  more  violent  and  the  foam  contains  many 
cells  which  have  ruptured  thereby  producing  an  open  cell  structure.  These 
results  indicated  that  the  balance  between  temperature  and  blowing  agent  was 
critical  and  in  order  to  maintain  optimum  compound  properties,  the  increased 
weight  of  the  boot  must  be  accepted. 

To  prevent  delamination  of  the  sock  lining  from  the  upper  foam  in¬ 
sulation  ct  the  top  edge  of  the  boot,  the  top  edge  of  the  boot  was  dipped  in 
the  outer  skin  compound  prior  to  spraying  to  form  a  seal  between  the  sock 
lining  and  tipper  foam  insulation.  This  procedure  was  adapted  in  fabrica¬ 
ting  the  50  pair  of  boots  to  insure  the  adhesion  of  the  sock  lining  to  the 
upper  foam  insulation. 

The  compositions  of  all  of  the  integral  parts  of  these  boots  are  the 
same  as  the  compositions  of  all  of  the  integral  parts  of  Prototype  pair 
R-3003-1,-2  sind  are  listed  in  Table  XIII.  The  typical  physical  properties 
of  these  boots  are  listed  in  Table  XIV.  These  physical  properties  were 
determined  from  actual  boot  parts.  The  dissection  of  the  boots  was  very  cri¬ 
tical.  No  sample  of  the  outer  skin  large  enough  to  subject  to  stress/' 
strain  measurements  could  be  successfully  removed  from  the  upper  foam  in¬ 
sulation.  A  meat  slicing  machine  was  used  to  cut  the  outscle  and  upper 
insulation  foam  into  proper  sample  thicknesses  for  eacn  test  described  in 
Table  XIV. 
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Conclusions 


1)  Serviceable,  lightweight,  insulated  foot,  we  a',  having  good  low 
temperature  flexibility  can  be  fabr  ira»  ed  from  the  uevel  op  -a 
polyurethane  compounds  and  process. 

2)  Foot  insulation  test  data  indiea'e  trat  the  prods. rd  loo*  --a  r  a. 
adequate  overall  insulation, 

;  )  The  outsole  wear  and  traction  of  the  foot  ar  Lae  been  imp-over 
by  new  outsole  designs  and  compounds. 

4)  Redesigning  of  the  last  has  result ea  ,n  snugger  fitting  root*  far- 
and  has  eliminated  slippage  at  the  counter  . 

5 )  The  finalized  hoot  design  combined  jit  1  a  heavily  sprayed  outer  sk 
at  the  edge  of  the  outsole  resulted  in  the  production  durable 
footwear. 

6)  The  nylon/rubber/cotton  laminate  used  as  a  sock  lining  with  the 
nylon  side  against  the  foot  offers  ease  of  donning  and  doffing  and 
good  adhesion  to  the  polyurethane  foam  upper 
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